THE observations on which this paper is based were carried out while working under Dr. James Mackenzie in the Heart Wards of the Mount Vernon Hospital for Diseases of the Chest.
The clinical group of cases of heart disease which most readily and typically shows speedy improvement under digitalis treatment is that class of mitral cases of rheumatic origin which have developed fibrillation of the auricle. It is found that, generally speaking, patients with senile (degenerative) cardio-sclerosis, associated with fibrillation of the auricle, do not show nearly as marked a reaction to this drug, neither do the various conditions which have a regular rhythm. In the healthy heart it is rarely possible to reduce the rate to any marked degree (i.e., a fall of twenty beats per minute), neither is it in the tachycardia of febrile cases. In some cases with a regular rhythm a condition of marked slowing is produced, but here a more or less complete heart block is generally the result, or a marked sinus slowing. In these cases there is generally a co-existing impairment of the conduction tissue, as evidenced by the wide a-c interval in the jugular curve, or a widened P-R interval in the electro-cardiographic tracing.
The question as to the manner in which digitalis slows the rate in these post-rheumatic cases with auricular fibrillation is not yet definitely settled.
In a recent paper, Dr. Lewis [3] discusses the evidence in favour of digitalis slowing being due to heart-block produced by the drug. He is of the opinion that those cases of fibrillation which react markedly to digitalis will be shown to have had a defect in conductivity, evidenced by a wide a-c (P-R) interval. Experimentally, slowing of the ventricle when the auricle is fibrillating may be induced by stimulation of the vagus, the production of asphyxia [4]-both of which produce heart-block-or by section of the bundle [3] . But it is difficult to reconcile Lewis's view with the fact that in the great majority of cases of auricular fibrillation digitalis causes marked slowing. But with those in.which the pulse is rapid, indicating ready conduction, it acts much more efficiently than in cases with slow pulse, in which the conduction 192 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from may probably be more impaired. On Lewis's assumption the latter should react more readily.
Professor Cushny has suggested the view that under digitalis increased inhibitory activity lessens the number of impulses reaching the ventricle from the disorderly auricle. [1] If digitalis slowing is due to partial heart-block, which is the more important factor-the increased vagal activity or the direct action on the conducting tissues, or is the heart-block due to a combination of both factors, the degree of each varying in different groups of cases? A third factor to be considered is the general lowering of the irritability of the heart muscle by the improved nutrition, brought about by the improved circulation. It may be that the first step in the lowering of irritability follows on the exaltation of the inhibitory centre, the heart-rate is reined in, and the force of the muscle contraction improved and rendered more effective, and the general circulation is thus brought to a higher level of efficiency. This helps the elimination of toxic material through the increased output of urine, especially in dropsical cases, and the heart muscle shares in the general i'mproved circulation.
In the aged the activity of the inhibitory centres is relatively low, and atropine, as will be shown later, has very little effect on the heartrate, and the degeneration of the cardiac muscle is such that the nutrition cannot be much improved. These cases are, therefore, not in a favourable position to respond to the actiortof digitalis, and clinically it is found that very few do respond to this drug.
The measure of improvement under digitalis in these fibrillating cases is of great importance as a guide to the continuation of the treatment, and also as to the future prospects of the patient after leaving the hospital, and it was suggested by Professor Cushny that some light might be thrown on this question by the reaction of the patient to the removal of the cardiac inhibition by atropine. In this way the effects of the vagus action might be differentiated from those due to the direct action on the muscle and the improved nutrition. The following account is based on twelve cases.
By thus removing the inhibitory action one chief factor could be eliminated. Cases were selected which had been under observation in hospital for some time, and the pulse-rate was fairly stable under conditions of rest only. One-fiftieth of a grain of atropine sulphate (1,3 ing.) 1 was injected hypodermically and the pulse-rate recorded. This was done graphically by the use of a Mackenzie polygraph. The Silberberg: A tropine in Cases under Digitalis radial tracing was allowed to run through for about ten minutes to obtain the average rate, then the atropine was injected, and the tracing continued for an hour after this. By marking out the length of tracing in half minutes from the time marker, the rise in rate was obtained and the figures plotted on the curves shown.
The next observation on the patients was taken while they were under the influence of full doses of digitalis, that is to say, until nausea and headache were complained of. The same dose of atropine was given and the rise in rate again recorded. The comparison of the two curves gives the relative difference in the rise of rate, and of the maximum rates produced by atropine-i.e., removing the vagal inhibition before and during digitalis administration.
CASES.
Case I.-S. W., aged 35, female, was admitted on July 26, 1910. This was a case of mitral stenosis and auricular fibrillation. She was admitted complaining of shortness of breath and throbbing of the heart. She had suffered from palpitation at intervals for the'last ten years, worse during the last two years. She had a severe attack of breathlessness four years ago. There is no definite history of rheumatism.
Physical examination on admission: She lies in bed propped up with pillows, breathing rapid and laboured, and aggravated by the slightest movement. Pulse rapid and very irregular, 125 per minute. Heart, 1 in. to 5' in. transverse measurements from mid-line. There is a diastolic murmur at the apex filling the interval between second and first sound when the heart is rapid, but not reaching the first sound when there is a pause. Liver, three finger-breadths below the costal margin.
The polygraph tracing showed the usual characters associated with fibrillation.
Progress: She responded to 15 ni doses of tincture of digitalis, t.d.s.
After 3i dr. were taken the pulse dropped to 66 per minute. (I will omit full details of the cases as they are to be dealt with more fully by Dr. Mackenzie.) During her stay in bospital she always responded in this manner to digitalis; when she was not on the drug or one of the group her pulse would rise to over 100, and her general comfort was not nearly as great. The main drawback to the digitalis with her was the easy production of headache and nausea. When she left the hospital early this year she was able to walk about the room with comfort. On December 9 (Chart I, A) she had been off all drugs for eight days, and the pulse-rate had risen to between 90 and 100 per minute. A tracing was taken, and atropine sulphate, 1gr., was injected, and the 1 pulse-rate recorded by the polygraph. It began to rise in twelve minutes after the injection, and from thence maintained a rate varying from 134 to 144 per ininute. Dryness of the throat' was complained of in eighteen minutes. Increase of rate, 44 per minute.
She was then placed on digitalis, and had taken 5 dr. by December 16 (Chart I, B), and this amount had produced nausea and severe headache. Pulse-rate had fallen to 60-64 per minute. The tracing was taken as before, and the same dose of atropine sulphate,gr., given. The pulse-rate began to rise in nine minutes, and reached a rate of 76-84 per minute. Increase, 18 per minite. Throat dry in twenty-two minutes. CHART Physical examination: Heart dullness 1 in. to 61 in., sixth space.
There is a mitral systolic and diastolic bruit, the pulse is irregular, and shows the characteristics associated with a fibrillating auricle. Under rest alone his pulse was 92 per minute. Liver enlarged to 3 in below costal margin. He was breathless on slight exertion.
On Jauary 31 (Chart II, A), atropine, I gr., was given, and a pulse tracing taken. Pulse-rate before atropine, 76 to 86 per minute. He had been off drugs some days. It commenced to rise in sixteen minutes, and reached an average rate of 130-140, though touching 150. Increase, 53 per minute.
On February 6 he commenced taking digitalis, and his pulse-rate was 60 after taking 7 dr.
On February 21 (Chart II, B), 15 dr. of digitalis had been taken, and his pulse was about 60 per minute,. Atropine, Way gr., was given and produced a rise of 74-86 from 66-72. Increase, 11. Throat dry in twenty-three minutes.
On February 24 (Chart II, C) he had taken 18 dr. of digitalis; pulserate 54-60. This time atropine, 5 gr., was administered. This brought the rate to 76-84, practically the same figure as on February 21. Increase, 23. Throat dry in twenty minutes.
This patient was singularly free from nausea and headache on longcontinued digitalis therapy, and felt stronger and more equal to exertion under it. He can now climb two flights of stairs without much distress.
The gr. atropine in this second observation is in the nature of a control, and as the maximum pulse-rate is no higher than with I gr., one may consider thatgr. is a sufficient quantity to fully remove vagal inhibition.
Case III.-C. W., female, aged 42, acrobatic dancer, was admitted on March 5, 1911. A case of mitral stenosis and auricular fibrillation. Complains of shortness of breath on exertion. This dates from an attack of acute rheumatism two years ago. Six weeks ago had an attack of violent palpitation and precordial pain. There. has been no oedema. Family history of phthisis.
Physical examination: Patient is a thin woman. Heart dullness 1 in. to 54 in. There is a mitral systolic and diastolic murmur and a diastolic thrill. The pulse is irregular and characteristic of auricular fibrillation. Rate, 90-112. Treated without drugs her pulse did not slow down.
On March 15 it was 120-130 per minute. She was given atropine sulphate ( I5 gr.,) and the tracing recorded a rate from 180-190 per minute. The radial tracing for many lengths was not reliable enough to be counted. The above figures are largely those from the apex tracing. A jugular tracing and the same type of irregularity show that Curve A shows the rise in the' pulse-rate produced by -51 gr. atropine before the patient is on digitalis (January 31, 1911). Curve B shows the rise in the pulse-rate produced by -s" gr. atropine after the patient is on digitalis (15 dr. taken, February 21, 1911). Curve C shows the rise in pulse-rate produced by E gr. atropine after the patient is on digitalis ( After this date, without further drugs rate rose to 80, and she was put on tincture of strophanthus, 20 nt, t.d.s., and this keeps the rate at 56-60. She is at present very comnfortable and walks about without distress.
Case IV.-D. W., female, aged 17, was admitted on October 26, 1910; discharged on December 23. Mitral stenosis and auricular fibrillation. She has had chorea seven years ago and rheumatic fever nine months ago; she had never been well since, suffering from great difficulty in breathing.
Physical examination: She looked very ill and emaciated, face pallid. Orthopnoeic. Respiration 50; pulse 144. Heart apex in sixth interspace. Dullness 1 in. to 6-in. Rough mitral systolic murmur at the apex, and a systolic and diastolic murmur at the aortic area. Considerable cedema of the lungs. Her pulse tracings showed the characteristics of fibrillation. She responded rapidly to digitalis, and throughout her pulse was one of the most typical in this respect, always showing prompt and marked slowing under its influence. On several occasions there were long periods of coupled beats, 36-40 at the wrist, and the heartrate double that number.
On December 1 the heart-rate was 76-78, coupled rhythm. With the polygraph receiver a continuous tracing was taken from the apex beat. Atropine sulphate, -5j gr., was administered hypodermically. She complained of dryness in the throat in eleven minutes, the pulse-rate rose in nineteen minutes, and the coupled rhythm began to break from this time onwards, so that there were phases of non-coupled beats mixed with occasional couples. The continuous coupled rhythm returned in about three hours after the injection. The rate rose from 74-78 (coupled) to 86-92, mostly non-coupled. Increase of 12.
The injection was repeated the following day and gave a similar result. She was allowed to come out of the influence of digitalis, and on December 14 (twelve days later) her heart-rate varied from 110-130 per minute, irregular, and just an occasional coupled beat present.
Atropinegr. was given, and in ten minutes the apex tracing recorded from 170-176 per minute for an hour, when the atropine effect began to wear off and the rate slowed to about 120. It is interesting to note that there was an occasional coupled beat present even at this very rapid rate. The character of the irregularity was unaltered. She was then brought rapidly under the influence of digitalis, and the rate fell to about 60 till she left hospital. Increase in rate, 53 per minute, as opposed to 12 while under digitalis.
Case V.-W. W., male, aged 35, was admitted on February 18, 1910; discharged in January, 1911. Case of mitral stenosis and regurgitation and auricular fibrillation. On admission complained of shortness of breath and swelling of the legs. He had rheumatic fever twice at the age of 16. Worked hard as a carman till four years ago, when he noticed his heart beating rapidly at times. Shortly after this, when carrying a sack of-coals, he was suddenly seized with shortness of breath and tightness across the chest and the pit of the stomach. He had to stop work after this and was unable to continue work for long. He has since been frequently compelled to seek hospital treatment.
Physical examination: Patient lies propped up in bed and his breathing is very distressed. His legs are swollen. Pulse rapid and irregular, about 90 per minute; marked pulsation in the jugular veins of the ventricular type. Apex is diffuse in the sixth space. Dullness, 2 in. to 7-in. There is rough systolic murmur heard loudest at the apex and a short murmur following the second sound. The liver edge reaches to the umbilicus and it can be felt pulsating. He always gave a prompt reaction to digitalis as regards slowing of the pulse, though it produced severe headache. At the time he was discharged he could climb a flight of thirteen stairs without much discomfort or breathlessness.
On December 9 he had been without drugs for six full days. He was feeling fairly well and could climb a flight of stairs without much distress. His pulse-rate was 70-80 per minute. An injection of -% gr. atropine was given hypodermically, and the continuous tracing taken as before. The pulse began to rise in twelve minutes and gradually quickened to a rate varying between 90 and 100. Dryness of the throat caine on in about twenty minutes. Increase in pulse-rate, 20 per minute.
On December 11 he was put on tincture of digitalis, at first complained of severe headache and had vomited; he had then taken 3-dr. A tracing was again taken, with the same dose of atropine. Pulse-rate was 58 60 before injection; it began to rise in sixteen minutes, and reached a rate varying from 84-92, an increase of 29 per minute.
Case VI.-A. M., male, aged 67. Cardio-sclerosis and auricular fibrillation.
On February 27, 1911, his pulse-rate was 118-122 per minute, Atropine, I gr., was given, and the pulse reached a rate of 120-132, an increase of 6 per minute.
On March 4 he was put on tincture of digitalis, '20 nl, t.d.s., and after 81 dr. it produced nausea and was stopped on March 13. The rate then was 64-74. Atropine, W gr., was given and produced a rise of 68-74; average increase, 2 per minute. (The rise shown towards the end of the curve is extraneous, and due to strong desire to empty the bladder: the pulse immediately settled down when this was relieved.)
Case VII.-C. W., male, aged 61, carman, was admitted on March 25, 1911. Cardio-sclerosis and auricular fibrillation at intervals. He complains of shortness of breath on exertion, and this has been present for the last twelve months. Has at times some sense of constriction and pain over the left side of the chest. Feet were swollen about one month before admission. Does not know when his heart is regular or irregular. There is no history of rheumatic fever or other illnesses. Physical examination: Heart dullness 1 in. to 5i in. Has a mitral systolic murmur. Pulse, 64, and irregular-(fibrillation). His pulse became regular on April 5, and remained so for three days. Polygraph and electro-cardiograph curves show a normal rhythm in contrast to previous fibrillation records. The irregularity returned on April 8 and remained so till May 3, when it again became regular, and has remained so till the present time. While regular the rate is 60-64, when irregular it is between 70 and 86.
On March 29 his pulse was irregular at a rate of 66-72. Atropine, -5L0 gr., was given, but practically no rise in the pulse-rate was produced.
Digitalis reduced the rate to 56. He had then taken 15 dr., which amount induced vomiting; it was then discontinued.
A second observation with atropine was not obtained. This patient was very ill on admission, and the following day (October 21) was found in a state of collapse. He responded to immediate treatment. On the following day he was put on tincture of digitalis, 20 nl, t.d.s., and he gradually improved, the urine increasing and the dropsy disappearing. It produced heart-block after 13 dr. had been taken. He felt very well till two days later, when after 15 dr. he vomited and it was stopped. After a week's cessation it seemed as if his heart was increasing in size, so he was again put on tincture of digitalis, 20 ni, t.d.s., till October 24, when he had taken 9 dr. His pulse again became irregular from heart-block. He is now very well and can manage considerable amounts of exertion without any distress. His P-R interval is not wider than normal. On December 7 he had been without drugs for thirteen days. His pulse was 120-124 and regular. Atropine, -51 gr., was administered and it produced a rise in pulse-rate to 130-133, an increase of 9 per minute.
On December 19 he had taken 9 dr. of tincture of digitalis, 20 ni, t.d.s., in nine days. This amount had produced digitalis heart-block. There were also some phases of pulsus alternans. The ventricular rate varied from 72-84 per minute. Atropine,gr., was given, and in seven minutes the regular rhythm returned, the block and pulsus alternans disappeared, and the rate increased to 112-116 per minute. The rhythm remained regular for two and a quarter hours and then the slowing due to digitalis heart-block returned Physical examination: Heart dullness, 11 in. to 5j in. sixth space.
Mitral systolic and diastolic murmurs, latter runs right up to the first sound. There are aortic systolic and diastolic murmurs also. Pulse, 99-100, regular. Blood-pressure, 108-112. Her pulse remained at 84-90 under conditions of rest, and her breathing. was somewhat distressed. On March 24, 1911, tincture of digitalis, 20 in, t.d.s., was given. After 10 dr. were taken nausea was produced. On March 4 the pulse fell to 60-70 'and was irregular. The polygraph and electrocardiograph curves showed this to be due to heart-block. The pulse was 56 per minute on April 8, after 16 dr., and as there was severe headache the drug was stopped. Apart from this she felt much better and was able to get about with comfort. The irregularity remained till March 17. After this date the pulse rose to 96-100. Her P-R interval is 0'28 second (normal 0'12-0'17 second).
On April 5, in the stage of digitalis heart-block (12 dr. taken), atropine (51X gr.) was administered. Eight minutes after there were phases of regular mixed with irregular phases of pulse-beats, rate 79-86. In twelve minutes the rhythm was regular, and for eight minutes remained so at a rate var.ying from 104-110, and thence after till the end of the observation there were again phases of regular and irregular rhythms.
I have no measurement of the a-c interval in these periods. After atropine, dryness of throat complained of in twenty minutes. Increase in pulse-rate from 60-64 to 110-114 -50. Case X.-F. P., female, aged 26, was admitted on January 16, 1911; discharged on April 4. This was a case of mitral stenosis and regular rhythm. Complains of pain over the left breast and occasional fainting attacks. She had chorea at 13 years of age and suffers from joint pains nearly every winter. On exertion she gets palpitation of the heart and her feet swell.
Physical examination: Fairly well nourished; teeth carious. Pulse 62 per minute and regular. Heart dullness, 1J in. to 5 in. fifth space.
There is a mitral systolic and diastolic bruit at the apex. Digitalis in recorded. First rise in ten minutes. Dryness of the throat in fourteen minutes. The rate reached 74-80 for about twenty minutes and then fell to 60 the remaining twenty minutes he was under observation. Showing the character of the pulse-beats before digitalis is taken. If we now turn to the Summary (see pp. 208 and 209) we see that the fibrillation cases differ widely in respect to the reaction under atropihe. Before digitalis treatment Cases I, II, III, and IV show a l&rge increase of pulse-rate-44, 53, 60 and 53, respectively, It will be observed that these cases had an initial rate which is high' the lowest having an average rate per minute of 82, and the highest 125. Compare this increase with Case V, whose initial average rate was 75 and rose to 95, an increase of only 20. The average age of these five cases is 31; youngest 17, oldest 42.
The rate of the released heart thus varies to a remarkable degree in different patients, and those with an initial high rate rose to a much more rapid rhythm under atropine than those which had a slower rhythm, before the drug. The rate before. atropine may be considered to depend on two factors: the inherent activity of the rhythmgiving part of the heart, and the degree in which this is held in check by the inhibition. The latter being eliminated under atropine, the heart rate is now determined by the inherent activity alone. In fibrillation this inherent factor may depend, either upon unknown conditions in the auricle, which determine stimulus production, or on the state of the a-v conduction, which determines how many of these stimuli reach the ventricle. Whether the great differences in rhythm observed in our cases under atropine are due to differences in the rate of stimulus production, or of stimulus conduction, cannot be definitely -determined, but it seems more plausible to suppose -that here the conduction fibres are in an abnormally irritable condition and carry more impulses than the optimal for the ventricle. That is to say, that failure to show the average norlmal acceleration with atropine is evidence of some structural tissue defect probably in the bundle. The further question arises whether such conduction changes would not be a good thing in cases that develop auricular fibrillation, to prevent the ventricle from beating too rapidly in response to the disorderly auricle. Senile cases show practically no acceleration of pulse-rate under atropine (Cases VI and VII).
The fibrillating cases of rheumatic origin, I, II, III, IV, V, and XII, all showed prompt and marked slowing under digitalis. The two senile cases, VI and VII, also reacted well, but this is not the usual experience in the wards. Rheumatic cases of fibrillation with a slow ventricular rate do not as a rule respond to any marked extent to digitalis. Further observations are being made on these two groups of cases. In the rapid hearts the digitalis slowing is due to the smaller beats disappearing, and the pulse-beats are more nearly equal in height and the diastolic periods become more evenly spaced ( fig. 2 ).
If now atropine is given the increase of pulse-rate obtained is due to the small beats reappearing where there were previously the long diastolic pauses, and the more rapid the rate the greater are the number of small beats in proportion to the big beats ( fig. 2 ). The character of the irregularity remains that of auricular fibrillation. It would seem, then, that the digitalis had been acting on the vagus, and the passage of many auricular stimuli had been blocked. When this "damping" effect on the bundle is removed by atropinization more stimuli from the disorderly auricle can cause ventricular response.
But it will be seen that in no fibrillation case except Case V does the rate so produced approach the ordinary rate before digitalis treatment, much less the rate produced by atropine before commencing digitalis. If the action of digitalis were purely vagal, one would expect the heart rate to reach the maximum produced in the first observation. The difference between the maxima is then due to a second factor, probably a nutritional tissue effect, and presumably due to a direct action on the junctional tissues between auricle and ventricle. This latter action is therefore independent of the vagus mechanism and is possibly brought about by the digitalis acting in reducing the irritability of the bundle, and this is probably the result of improved nutrition.
We have, then, two digitalis effects, a vagal component and a cardiac tissue component. The comparative values of. these will vary in different groups of cases. This does not mean that the sum of the two components is numerically equal to the figure expressing the digitalis effect. We may diagrammatically represent it (see fig. 3 ).
The patient under conditions of rest alone is atropinized, and we estimate the acceleration of pulse-rate produced by thus cutting out the vagal inhibition. (Senile cases do not give such acceleration.) The case is then brought under the influence of digitalis and a certain slowing produced. This may be called the full digitalis effect and is equal to the difference between this slow rate and the rate before the drug was commenced. Atropine is again given and the increase in rate will be the equivalent of the vagal component in the digitalis action. The maximum produced will fall short of the rate before digitalis. The remainder of this maximum from the maximum produced in the first observation is due to the direct action of the digitalis on the heart, and may be called the digitalis tissue effect. In the cases with auricular fibrillation (I, II, III, IV) (see Table, p. 210) with a high initial pulse the vagal acceleration is high. These cases have slowed markedly under digitalis. But atropinization has now comparatively little effect-i.e., in these four cases the digitalis effect has been mainly a tissue one and not vagal. In Case V the vagal effect is the greater. In the degenerative cases (VI and VII) the effect is all a tissue one. In the digitalis heart-block (Case VIII) the effect seems to be more vagal than tissue. Observations on the second case of heart-block (Case IX) are not yet complete, and it will be interesting to see if there is any marked difference in these two cases. Case VIII has not a wide P-R interval, Case IX has. Case X was a case of mitral stenosis with a regular rhythm and a normal a-c interval. The result of atropine administration is medium, and that of digitalis slight.
The small boy (Case XI) gives a big acceleration under atropine, .and the sinus rhythm, as has been observed by others, was abolished by the drug. Case XII showed marked improvement under digitalis, but the observations are not complete enough to show which factor was the more important.
(The removal of the coupled rhythm in Case IV was probably the result of the increased rate of the heart which usually does away with the occurrence of extra-systoles). From the analysis of the factors in digitalis slowing it is probable that some guide to the future prospects of the patient may be obtained. Cases of auricular fibrillation with an initial high rate that react well to the drug as a rule do very well, and may even resume work. It would seem that in them the nutrition of the heart muscle is capable *of great improvement as a result of using the drug, and that the progress of the case is in this respect a controllable one.
It would seem, then, that by two observations with atropine before .and during digitalis administration it is possible to conclude which of two factors, the vagal or the cardiac tissue reaction, is the more important.
